ARKX0O1 KANDIDATARBETE | ARKITEKTUR
WRAP MUSIC

LARARE: MORTEN LUND, MENDEL KLEINER
MARCUS ANDERSSON | GRUPP MED

IHSAN AL-KHAZAALI OCH VICTOR FINEL




Uppgift

Projektet utspelar sig i Montreal, Kanada och ar ett bidrag i
tavlingen "TCAA/NCAC Student Design Competition 2013".
Uppgiften har gatt ut pa att utforma ett operahus med plats for
1200 pers. pa en angiven tomt centralt belagen i staden. Platsen

ar utsatt for buller fran narliggande motorvag och jarnvag samt
ovan luftfartsled. Fokus i designprocessen har varit att skapa god
arkitektur med god akustik. Viktigt har varit att kunna l6sa akustiska
problem pa ett arkitektoniskt tilltalande satt och arkitektoniska
problem utan att ge avkall pa akustiken. Pa sa vis blir akustiken en
del av arkitekturen och arkitekturen en del av akustiken.

Problematik

Operahuset ska innehalla vasentliga rum sasom auditorium,
scenhus, dvningsrum, omkladningsrum, scenverkstad,
kostymverkstad, foajé etc. och rummens minimimatt finns angivna
i tavlingsprogrammet. | utformningen maste betankas att vissa
rum bor vara nara varandra, samtidigt som vissa rum ar valdigt
ljudkénsliga och vissa valdigt bulleralstrande. Det tydligaste
exemplet &r scenhuset och scenverkstaden som boér befinna sig

i varandras narhet. Scenverkstaden genererar mycket buller,
samtidigt som hoga krav finns pa hur mycket ljud som far lacka

Tidig konceptmodell med iglooskal

Skiss med plantering pa auditorietaket

in i scenhuset. Viktigt &r ocksa att stanga ute det omgivande
trafikbullret.

Viktig ar ocksa den inre utformningen av respektive rum. Har ligger
sarskilt fokus pa operasalen och évningsrummen. Rummen ska ha
en andamalsenlig akustik, vilket redovisas med hjalp av grafer och
diagram. Operasalen ska kunna anvandas for flera andamal, varfor
ett system for variabel akustik ska utformas.

Koncept/Arbetsmetod

| konceptsfasen bestamde vi oss for att vi ville att var opera skulle
omges av ett skal. Skalet skulle da dels ha funktionen av en
ljudbarriar som haller ute trafikbuller, dels skulle det kunna skapa
ett intressant arkitektoniskt uttryck med landmarkeskvaliteter.

I modellskissandet kom vi fram till ett forslag dar skalet omslot
operan pa ett satt som paminde om en igloo. Skalet byggdes upp
av nagon form av solida element med fonster i ett murmonster.
Detta ansag vi skulle skapa ett spannande ljusspel for omgivningen
nar det ar morkt ute.

Nar vi analyserade modellen insag vi dock att den innehéll en del
problem. Ett problem var att skalet tacker in en valdigt stor volym

som inte har nagon direkt anvandning. Framsta exemplet pa det
ar volymen som uppstar ovanfor auditoriets tak. En l6ésning pa
det problemet kunde vara att ge auditorietaket en funktion t.ex.
gora det till en del av foajén. Den |6sningen var vi inte sarskilt
fortjusta vid, eftersom vi ansag att det redan fanns gott om publika
utrymmen pa markniva.

Det absolut tyngsta argumentet mot skalet i modellen var

att det formodligen inte skulle ge sa mycket ljuddampning,
uppskattningsvis endast 10 dB, pa grund av de manga
fonsterytorna. Vi valde darfor att skissa vidare mot en modell som
inte skapar lika stora volymer och som har battre ljuddampning.

| det har laget borjade vi skissa pa planlosningar, vilket kom att
bli vart huvudfokus for projektet. Vi arbetade efter en intensiv
skissprocess fram en planlésning som vi kdnde oss nojda med
och lat darefter det nya skalet utformas efter planen. Resultatet
blev ett skal som istéllet lindar in operan och som tacks med ett
solitt tak. Skalet bestar av betongelement och mellan dessa glas.
Ljuddampningen blir battre, uppskattningsvis -30 dB, och de
oanvandbara volymerna blir farre.

Senare modell med insvepande skal



Wrap Music

Montreal’s opera

Concept

Wrap music means that the somewhat static but necessary volumes of the opera, such as stage house and
auditorium, are wrapped in by a free-form wall. This creates interesting rooms for the opera visitors, both on the
inside and the outside. At the same time, the shape of the rooms backstage is kept simple and functional.

The wrapping wall consists of a steel-frame with solid elements of reinforced concrete. In the spaces between
these elements are double glazed windows. The top is covered by a solid roof. Starting from the stage house, the
height of the wrapping wall is descending until it reaches backstage. This shape is inspired by reverberation and
the fading of sound.

The site is designed to become a peaceful oasis in the busy city. The opera is placed in the middle of a lawn and
a pond is running along the opera lobby. However, the site is not supposed to be used only by the opera visitors.
Anyone can come here and sit down on the grass or by the pond to relax.

This opera is supposed to be constructed on the campus of a moderate sized college, with a strong music
program. Although the main purpose of the opera is to play traditional opera program, it is also intended to
support occasional musical theatre, orchestral concerts, chamber music, chorus, dance and occasional lectures.
The solution remained to achieve in this multi-functional design is variable acoustics: the auditorium ceiling

has the capability to adapt to the required situation to give the auditorium the best acoustic qualities under any
circumstances.

Aircraft

S
noise ~—— 110dB
500 mm
v - reinforced
concrete

500 mm
v - reinforced
concrete

Auditorium 0dB

Noise reduction through the roof above the auditorium

Situation

The site of the opera is located in a busy part of downtown Montreal, the second-largest city in Canada. The site is
surrounded by infrastructural elements such as a six lane interstate highway, four track railroad and a flight-path
to the nearby located international airport. These elements generate a lot of noise and must be considered when
designing the opera.

The loudest of these noise sources are aircraft. Hence, if the outer shell of the opera building is designed isolate
from aircraft noise, it will also isolate from traffic and railroad noise. Above the auditorium is a two-layer roof.
They both consist of 500 mm reinforced concrete and together they reduce the aircraft noise entirely (see
illustration down in the middle).

The acoustical “mass law” will be mainly used to achieve a good sound isolation of the different rooms of the
opera, even at low frequencies. The general idea in the design is to add space between the noisy and the noise
sensitive rooms.

Situation 1:2000



Performance hall

||
Auditorium

requires the most acoustical attention. The auditorium has seats for 1206

guests. 736 of these are located on the entrance floor and the rest (39 %

of the total number of seats) on two levels of balconies. Each of the side-

balconies on the first level holds 20 seats. The second level has seats on the

rear wall (364 seats) and on side-balconies (33 seats each). It has a horse-

shoe shape to avoid parallel walls and thereby flutter echo. H H ‘

The performance hall is the heart of the opera. Hence, it is the room that ‘ ‘ ‘ ‘ “ ‘ ‘

It is important to provide fresh air in the auditorium with an even ‘ ‘ ‘
volume flow (about eight cubic meters per person to be comfortable).
However, the flow’s speed must be kept low to remain inconspicuous il
(under two meters per second). Therefore, the solution retained is to have | | |
small ventilation inlets under each seats of the auditorium allowing a

B \
consequent volume flow with a low speed, therefore remaining completely Section (opera mode) 1:400 //’ RS E D &
unnoticeable. N ! |

/
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The space under the floor of the auditorium is a pre-chamber where fresh
air is send through before entering the opera. Warmed air will then rise in
the auditorium and be evacuated through the ceiling.

Orchesta pit
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The sound created by the orchestra is supposed to be spread out in the
auditorium. The members of the orchestra risk developing hearing damage
if the sound pressure level in the pit becomes too high. To avoid that, the
pit walls are covered with wooden diffusors, which will prevent sound from
keep bouncing inside the pit (see picture on the right).
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The whole floor can be elevated by a hydraulic lift system.
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The orchestra pit has walls covered with wooden diffusors
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Variable acoustics

reverberation time (RT) of the auditorium can be altered to fit concert
performances. RT can be changed by a remotely controlled mechanical

Opera mode ONCE ode
system of rotating panels in the ceiling. The one side of the panels has a u

The performance hall can be used for other purposes than opera. The ‘ “ ‘

surface of perforated gypsum and the other laminated wood. In opera mode
the panels show the gypsum side to obtain a lower RT whereas for concerts
the panels are rotated having the wooden side facing the audience. >
Also, a shell is assembled on the stage around the orchestra, letting the

orchestra sound spread out in the auditorium. "‘;7' 1.5 2

The rear balcony is too deep to provide a nice sound experience for the two — 1
last rows on the main floor. These rows will not be used during concerts. m ¥

tn

To compensate for the lost seats, four rows are added on top of the elevated
floor of the orchestra pit.

Section (concert mode) 1:400 05
Loudspeakers are hidden between the reflecting panels in the ceiling.

These are used when amplification is needed, for instance during lectures
and speeches. Moreover, some theatrical lightings and catwalks can be Ps 55 00
inconspicuously placed there too.

Opera mode
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Variable acoustics system in the ceiling of the auditorium
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Plan second floor 1:500

Rooms for staff

Scene shop

RT=0.4s
Maximum peak noise level= 130 dB

In the scene shop all scenery is made, thus the scene E
shop is placed close to the stage. However, it is also a
very noisy room with 130 dB as a maximum sound

pressure level. To insure sufficient sound isolation of >
the performance hall, the stage house and scene shop
are separated by partly a storage room and partly a

13 mm perforated gypsum
200 mm reinforced concrete
300 mm diffusing concrete block

corridor. Each of the two separating walls consists of

500 mm reinforced concrete, which will provide enough >4
isolation (the mass law will lead to a minimum of 50dB

reduction at 125Hz).
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Noise reduction from scene shop to stage house

Loading dock
Noise level= 90 dB

The loading dock is located at the end of the corridor
that is separating the stage house and scene shop. When
loading or unloading during performance, a gate in the
corridor can be closed so that the noise is not spread
to the stage.

Mechanical equipment room
Noise level= 80 dB

The mechanical equipment room is located in the
basement so that vibrations generated by machinery
will go down in the ground. Thick walls and ceiling will
prevent noise from spreading within the opera.

Costume shop/Wardrobe/Wig shop

RT=0.5
Noise level= 70 dB

This room is located on the second floor close to some of
the dressing rooms, the elevator and the stairs. Performers
have easy access to this room so that they can go there and

grab their costumes and go put them on in their dressing
rooms.
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etail of the wall separating scene shop and storage room 1:10
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Plan basement 1:500

Dressing rooms

RT=0.8s

All dressing rooms, except for the orchestra dressing
room, are located on either the second or third floor
with easy access to the costume shop. Instead, the
orchestra has its dressing room in the basement, near
the orchestra pit.
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Plan third floor 1:500

Public and Semipublic Rooms

Lobby

RT=13s
STI= 0.5
Noise level= 80 dB

The lobby contains two bars with cafeteria, one on the
entrance floor and one on the first floor. This is where
the audience meets before and after shows and during
intermissions. Tables are placed so that they have view
towards the pond, the focus point of the whole lobby.

Two layers of walls reduce the noise level from the lobby
into the auditorium. To enter the auditorium one has to
pass through the first layer of double glazed walls and
then the second, a thick wall of reinforced concrete.
Reverberation time is rather low for such a big volume,
keeping a fair STI.

Rehearsal rooms
RT=04s
STI=0.8

The big rehearsal room is mainly used by musicians
and dancers. A mirror is placed along one wall, and
one has windows. When the room is used by musicians
a curtain is pulled out to cover the mirror to avoid
sound reflections. Since none of the walls are parallel,
flutter echo will not occur. The walls which do not
have windows or mirrors have a surface of concrete
blocks. These have a diffusing and absorbing function
to give the room a good reverberation time. The room

is suitable for speech, so it can also be used for lectures
and workshops.

Attached to the big rehearsal room are four small ones.
They are different in shape, but have in common the
lack of parallel walls. The walls between two small
rehearsal rooms have a good isolation so performers
can train without disturbing each other.

DR I T G 2 D
Green room

RT=0.5s
ST1=0.7

The green room is where performers rest during
performances when they are not on stage. Apart from
that, it can also be used for lectures and workshops, so

D
we insure it has a correct Speech Transmission Index.
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Noise reduction from lobby to auditorium
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Forrad

En grundprincip for operan ar att halla rummen
funktionella och ratvinkliga bakom operasalen.
Ett undantag ar 6vningsrummen som saknar
parallella vaggar for att slippa sa kallat
fladdereko. De publika ytorna utanfor auditoriet
ramas in av skalet, en friformsvagg bestaende
av betongelement och glas. Skalet skapar
spannande rumsligheter fér besdkarna och ger
ett hogtidligt uttryck utifran sett. Utmed skalet pa
utsidan flyter en grund damm som kommer ge
intressanta speglingar pa betongelementen i olika
sorters belysning.

Bakom scenen finns bullriga rum sasom
scenverkstaden och lastbryggan. En korridor
skiljer dessa rum fran scenhuset for att ge

okad ljuddampning. Rummen ligger &nda nara
varandra, vilket ar viktigt for att arbetet med
dekorer och liknande ska kunna ske funktionellt.

Entréplan 1:500 (A3)




Operasalen har plats for 1206 gaster. Platserna
ar fordelade pa en undre och en 6vre parkett,
samt tva nivaer av balkonger pa sidorna. Raden
som ligger precis vid entrén till auditoriet ar
sarskilt anpassad for att vara rullstolstillganglig.
Den ligger i samma plan som foajén och har gott

om yta for att vdnda med rullstol.

Salen fungerar aven for konserter. | taket finns
ett system for variabel akustik, vilket gar att

styra tradlost. Vid operaforestallningar behovs
mer absorption och da har innertaket en yta

av perforerad gips. Konserter behéver langre
efterklangstid och da vands panelerna och en yta
med trafaner bildar innertak.
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Princip for variabel akustik i taket
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Sektion genom operasalen vid operaférestallning 1:250 (A3)
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Omkladningsrummen har vi placerat i anslutning
till kostymverkstaden. Tanken ar att man smidigt
ska kunna hamta sina scenklader i verkstaden,
ga och byta om och déarefter ga till scenen.
Orkesterns omkladningsrum ar dock placerat i
kallaren fOr att vara néra orkesterdiket.

\
\\\\\\\\\
\}&&8}\“\\\\\\\\\\\\

Forrad

25 250 500 1k 2 4k 8k
frequency (Hz)

Tsn in the main rehearsal room

0.6/
0.5/

w 0.4 }
l—g 0.3 1
0.2 1

0.1}

'PZS 250 500 1k 2k 4k 8k 16k
frequency (Hz)

Diagram for STI och efterklangstid i 6vningsrummet
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13 mm plaster
100 mm metal studs
50 mm mineral wool
13 mm plaster

A : [N ' 13 mm perforated gypsum
L _ 200 mm reinforced concrete
' 300 mm diffusing concrete block
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Detalj innervagg i scenverkstaden 1:10 (A3)

Detalj innervagg mellan privata
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Reflektion

Slutresultatet blev en opera med bade positiva aspekter och
negativa aspekter. Det jag ar mest n6jd med &r planlésningen.

Vi jobbade hart for att fa till en funktionell och akustiskt smart
planlésning och det tycker jag vi lyckades med. Foajén och hur den
samarbetar med dammen utanfor tycker jag ocksa blev intressant.
Som besokare tror jag att man kommer tycka det ar intressant att
utforska operan och dess nivaer. Vi var noga med att gora hela
foajén tillganglig for rorelsehindrade, vilket jag ocksa tycker ar en
kvalitet i var opera.

Nagot som vi borde ha jobbat mer med ar entrésituationen. Vi valde
att placera entrén sa att den ar riktad mot hornet dar vi antog att de
flesta besokarna skulle komma ifran. Samtidigt ville vi inte &ndra for
mycket i skalets uttryck. Resultatet blev denna kompromisslésning.
Med mer tid hade vi jobbat med att gora entrésituationen tydligare
och battre integrerad i skalet.

| var presentation har operasalen visserligen tillagnats en hel
plansch, men jag tycker inte att vi lyckats

formedla var operasal genom det bildmaterial vi har. Detta ar
synd, eftersom operasalen trots allt ar en operas hjarta. Det &r
ocksa synd, eftersom vi dgnat mycket tid och omsorg at att fa

till bra akustik och goda siktlinjer. Nar vi gjort akustiska analyser
har vi kommit fram till vilka material som ska anvandas och var.
Operasalen & med andra ord "fardigplanerad”, men det finns inte
illustrationer som redovisar den. | efterhand anser jag att vi borde
ha prioriterat dessa illustrationer hogre och att det inte racker med
vara ritningar for att férmedla operasalen.

Vi har med flera ritningar och schematiska illustrationer som visar
akustisk detaljering, vilket &r positivt. Emellertid tycker jag att vi
borde ha haft en detaljritning pa skalet, eftersom det har fatt en sa
pass central roll i projektet.

Sammanfattningsvis ar jag nojd med var arbetsinsats och operan
vi astadkommit. VVart redovisningsmaterial har daremot brister och
visar inte hur bra var opera i sjélva verket ar.




